Abstract. The aims of the present study were to evaluate the effectiveness of transvaginal sonography (TVS) in the detection of endometrial polyps (EPs), and to assess the pregnancy outcome in infertile women following hysteroscopic polypectomy. A total of 145 women diagnosed with primary or secondary infertility and intrauterine disorders by TVS and hysterosalpingography (HSG) were included in the current study. All subjects were divided into three groups based on hysteroscopic findings, including the EP, intrauterine adhesion and normal groups. EPs were removed for biopsy and intrauterine adhesions were treated. Pregnancy rates between groups were compared. In total, 34 EPs were detected by TVS, while 45 subjects were later confirmed with EP by hysteroscopy. The sensitivity, specificity, positive predictive value and negative predictive value of TVS in the detection of EPs were 67, 96, 88.23 and 86.49%, respectively. Of the included patients, 120 subjects were followed up, including 40 patients diagnosed with EPs, 42 with intrauterine adhesions and 38 with normal cavities. The results indicated no statistically significant differences in the age, type and duration of infertility, least function (LF) score and classification of the extent of tubal disease with the distal fimbrial obstruction between the three groups. In addition, pregnancy rate and spontaneous abortion rate in the EP group following hysteroscopic polypectomy were 45 and 5.6%, respectively. No significant difference was observed in the fertility rate following surgery. In conclusion, TVS features high sensitivity, specificity and certain unique sonographic characteristics in diagnosing EPs, and may be used as a preliminary diagnostic procedure to select patients for hysteroscopy. Furthermore, hysteroscopic polypectomy is an important approach for the treatment of infertile patients with EPs and appears to help increase the pregnancy rate of previously infertile women.
Introduction
Endometrial polyps (EPs) are common during the reproductive years, occurring in up to 24% of women, and their incidence increases with age (1) . EPs are formed due to proliferation and hypertrophy of the basal layer of the endometrium, and the risk of malignancy is variable (2) . A number of studies have investigated the association of infertility and EPs (3, 4) ; however, the interference of EPs in the fertility potential remains unknown. Certain studies have suggested that women with polyps have a higher rate of miscarriage, although there is no evidence of lower pregnancy rates in these women (5) . It has been suggested that hysteroscopic polypectomy should be performed in infertile women (6) ; however, the importance of routine hysteroscopic removal of polyps remains unknown.
Techniques for the diagnosis of EP have improved in recent years; however, the real incidence of EP should be higher than it is known since numerous polyps are asymptomatic. EPs are often detected during the investigation of menstrual cycle disorders, or upon evaluation of an infertility case using transvaginal sonography (TVS) or hysterosalpingography (HSG) (7, 8) . Hysteroscopy is a highly reliable and sensitive tool for the detection of intrauterine disorders (9) . Upon hysteroscopy examination, EPs appear soft and smooth, and often present only a small degree of vascularization. However, due to the invasiveness and cost of hysteroscopy, it may be the initial technique offered to patients. While previous ultrasonographic studies have primarily investigated EPs in patients with abnormal uterine bleeding (10, 11) , the association between intrauterine lesions and infertility remains unclear. The utility of TVS compared with other methods in diagnosing intrauterine disorders has drawn increased attention of researchers, however, its usefulness in detecting EPs in infertile women remains rarely discussed (12) . Therefore, the aims of the present study were to evaluate the significance of TVS in detecting EP and to assess the pregnancy outcome following hysteroscopic polypectomy in infertile women.
Materials and methods
Patients. Between March 2011 and December 2011, a total of 145 women diagnosed with primary or secondary infertility and intrauterine disorders by TVS and HSG at the West China Second Hospital (Sichuan University, Chengdu, China) were selected and included for study. All subjects met the following inclusion criteria: Age of ≤40 years; and at least 12 months of infertility, without any other complications. All subjects were followed up by phone or correspondence for their reproductive histories. In total, 120 subjects were followed up by phone or correspondence for their reproductive histories, while 25 subjects were not able to be followed up due to incorrect or outdated contact information. The patients were followed up once a year for three years to investigate their pregnancy outcome. No significant difference was detected in the age or type of infertility between patients followed up and those not. The present study was conducted in accordance with the Declaration of Helsinki, and with approval from the Ethics Committee of Sichuan University. Written informed consent was obtained from all the participants.
Diagnostic technique and surgery. Prior to hysteroscopy, TVS and HSG were performed for the initial assessment of intrauterine abnormalities. Irregularities in the size and shape of uterus, the thickness of the endometrial stripe, endometrial cavity contours and echo patterns of endometrium in the transverse plane and the long axis were considered during TVS (13) . Filling defects in the uterine cavity and irregularities in the uterine wall were considered during HSG (14) . Subsequently, all 145 subjects were examined by laparoscopy (A22001A 4 mm Telescope; Olympus Winter & IBE GmbH, Hamburg, Germany) in combination with hysteroscopy as part of their routine infertility evaluation. Depending on their laparoscopic and hysteroscopic results, patients underwent procedures to remove possible infertility factors in the first half of their menstrual cycle. All EPs identified by hysteroscopy were removed by hysteroscopic polypectomy and sent for independent histopathological examination for confirmation by the Department of Pathology. Transvaginal sonography examinations were performed with Aloka SSD-1000 ultrasound system (Hitachi Aloka Medical, Ltd., Tokyo, Japan) and real-time scanners with 5.0 MHz endovaginal transducers (Hitachi Aloka Medical, Ltd.). For HSG, 5-10 ml water-soluble contrast medium [Pielograf 70% (amidotrizoato meglumine); Juste S.A.Q.F., Madrid, Spain] was introduced into the uterine cavity after placing a balloon catheter set. The soft rubber Foley catheter was inflated in the cervical canal under fluoroscopic control using a digital system (MultiDiagnost 3; Philips Medical Systems Nederland B.V., Best, The Netherlands). Hysteroscopy was performed with an 8-mm hysteroscope (Uteromat Fluid Control/A4060; Olympus Winter & IBE GmbH) with an 8.5-mm outer diameter that provides an oblique view of a 12 degree gradient with the optical axis. Distention of the uterine cavity during hysteroscopy was accomplished by normal saline insufflation (13) . Classification of the extent of tubal disease (CETD) and least function (LF) score were employed during or at conclusion of surgery to assess each patient's tubal function.
Based on the hysteroscopy findings, the participants were divided into three groups, including the EP, intrauterine adhesion and normal groups. The cavity was systematically inspected for any abnormal findings. EP was localized in relation with the tubal ostia and the uterine walls or fundus. According to the size and number of EPs, patients in the EP group were further divided into two subgroups, including patients with an EP <1 cm, or patients with an EP ≥1 cm or with multiple EPs. The pregnancy rates were compared between these two EP subgroups.
Statistical analysis. Analysis of variance was employed to compare the age, infertility duration, LF score (15) and CETD (16) . Survival analysis (Kaplan-Meier) was performed to ascertain the probability of conceiving in the three groups. Curves were compared by means of Mantel-Haenszel log-rank test for categorical variables. The effect of various covariates on fertility was estimated using Cox's proportional hazards model. χ 2 test was employed to investigate the fertility rates of the three groups. Analyses were performed using the SPSS version 13.0 statistical package (SPSS, Inc., Chicago, IL, USA), with statistically significant differences indicated by P<0.05.
Results

Diagnosis and follow-up.
The ultrasound scans of EPs were mainly characterized by strong-or equal-echo mass in the uterine cavity, interruption in the continuity of the midline echo, or uneven echo displayed in the endometrium. The present study considered hysteroscopic results to be the gold standard for the diagnosis of EPs and intrauterine adhesions. In total, 34 subjects were found to present EP using TVS. The majority of patients were examined during the mid-and late follicular phase, and a few during the early follicular phase. The sensitivity, specificity, positive predictive value and negative predictive value of TVS in the detection of EPs were 67, 96, 88.23 and 86.49%, respectively. Compared with hysteroscopy as the gold standard, the sensitivity of TVS in detecting EP was relatively low; however, the two methods are similar in specificity, positive and negative prediction value. Though TVS may not replace hysteroscopy, it may be helpful to use TVS for initial screening of EP. When TVS does not indicate abnormalities, hysteroscopy may not be required.
In total, 120 of the 145 subjects were followed up, which included 40 patients diagnosed with EPs, 42 with intrauterine adhesions and 38 with normal cavities. The ages of patients in EP, normal and adhesions groups were 30±3.5, 30.5±3.9 and 31.3±3.3 years, respectively. The LF scores of the three groups were 5.6±2.4, 4.9±2.7 and 4.9±2.0, respectively. The CETD classes of the three groups were 1.9±1.4, 2.0±0.9 and 1.9±0.9, respectively. The infertility duration of the three groups were 4.4±3.5, 4.7±3.1 and 4.4±2.7 years, respectively. No significant differences in age, type and duration of infertility, LF and CETD were identified between the three groups, as shown in Table I .
The fertility rates of normal, EP and adhesion groups were 47.4, 42.5 and 33.3%, respectively. No significant difference in fertility rate was observed between the three groups, as shown in Table I Survival analysis. Survival analysis showed that no statistically significant difference in fertility rate following surgery was observed between the EP, intrauterine adhesion and normal groups (P>0.05; Fig. 1) (Table II) . Furthermore, no statistically significant difference was observed in accumulated pregnancy rates between the three groups (P>0.05; Fig. 2) .
Factors affecting fertility. The effects of various covariates on fertility were estimated using Cox's proportional hazards model analysis. The results indicated that the age, infertility duration and CETD class did not appear to have any statistically significant influence on the pregnancy rate. However, the LF score was found to be negatively correlated with pregnancy rate (i.e., the higher LF score, the lower pregnancy rate).
Pregnancy rate and spontaneous abortion rate in the EP group following hysteroscopic polypectomy were identified to be 45 and 5.6%, respectively. However, there was no statistically significant difference in the fertility rate between patients with polyps <1 cm in size and patients with polyps ≥1 cm in or multiple polyps (χ 2 =0.02; P=0.96) (Table III) .
Discussion
EPs are frequently unrecognized, particularly in cases where they are not sufficiently large or are asymptomatic. TVS is a non-invasive modality that provides excellent imaging of the uterus and endometrial abnormalities (17, 18) . This method is relatively painless and cheap, and is well accepted by patients. The appropriate time to perform a TVS examination of the endometrium is during the follicular phase. As the normal endometrium is thin, EP can be certainly recognized. In the present study, the sensitivity, specificity, positive predictive value and negative predictive value of TVS in the detection of EPs were 67, 96, 88.23 and 86.49%, respectively. This result is similar to the findings of another study, in which the results of these parameters were 71.4, 100, 100 and 97.1%, respectively (19) . A study by Yantapant (20) examined 60 EP patients with a mean age of 31-40 years. In that study, sensitivity, specificity and accuracy of the diagnosis of EPs by TVS were 60, 33.3 and 57.6%, respectively (20) . Vitner et al (21) identified that, although hysteroscopy presented improved predictive values for diagnosing uterine polyps when compared with TVS, the difference was not statistically significant, and TVS had a significantly higher sensitivity in diagnosing retained products of conception. Though all these studies pointed to similar advantages of TVS, it should be noted that TVS may provide insufficient information in certain cases. For instance, small endometrial structures protruding into the cavity may be missed (22) . The results also seem to be associated with the experience and skill of the physicians. Nevertheless, patients with normal findings on TVS do not require further examination by hysteroscopy, which will help reduce the high cost of hysteroscopy and morbidity. The morbidity rate of EP in infertile women is associated with the examination method employed and the cases studied. Ahmadi et al (23) previously reported a sensitivity of 91.4% and a specificity of 80.2% for three-dimensional hysterosonography in diagnosing polyps, respectively. The high morbidity rate of EP in infertile women indicates that EP may interfere in the gestation. De Placido et al (24) considered 950 female candidates for an in vitro fertilization (IVF) program. Of these females, 602 cases were examined with a mini-hysteroscope and 348 women with a 5 mm hysteroscope, and EP was detected in 146 (24.2%) and 82 cases (23.6%), respectively (20) . Similarly, a study by Silló-Seidl (25) reported the presence of polyps in 10.8% of patients in a series of 1,000 sterile patients, and pregnancy was achieved in 8 of these patients following polypectomy. By contrast, Hereter et al (26) investigated 33 patients with EP and 280 patients without EP, and identified no significant differences between the two groups with respect to implantation and abortion in IVF cycles. In addition, a study by Varasteh et al (27) in 23 sterile women reported a correlation between the polypectomy and the accumulated pregnancy rate of 65.2%, while polypectomy in infertile women was likely to increase the pregnancy rate by a factor of 3-4 times. However, polyps and myomas were mixed in the study, and thus the conclusions drawn by the authors were questionable (27) . In another series, 19 out of 25 infertile patients (76%) undergoing polypectomy were able to conceive within a 12-month period (28) . Furthermore, Stamatellos et al (29) reported that the total pregnancy rate subsequent to hysteroscopic polypectomy was 61.4%, a percentage that is comparable with the aforementioned studies. Another study investigated intrauterine insemination (IUI) in infertile women whose only known problem was EP, and the proportion of patients achieving pregnancy in the EP group was 64%, which was nearly twice that of the control group (30) . In addition, the authors reported that pregnancies following polypectomy were frequently obtained spontaneously, while waiting for IUI. In the present study, the total pregnancy rate was 42.5%, and the risk of spontaneous abortion was 5.6%, which is less than the values previously reported (31), but is similar the value reported for the normal group. All the studies suggest that hysteroscopic polypectomy is an effective measure.
Certain studies identified a significant association of pregnancy rate with the size of myomas, as the probability of pregnancy increased proportionally with the size of the resected myoma (27, 31) . However, it has been suggested that asymptomatic polyps (<2 cm in diameter) do not appear to interfere with IVF and embryo transfer conception rates, but may increase the risk of spontaneous abortion (5) . Persistent functional EPs are likely to impair fertility, even when these are small. Therefore, removal of such lesions may improve subsequent reproductive performance (32) . Another study suggested that the hysteroscopic removal of small polyps improved the reproductive outcome, and it is recommended for infertile women to undergo assisted reproductive technology procedures (30, 33) . These findings are similar with the results of the current study, since no association was observed between the polyp size and the chance of pregnancy. In addition, it is suggested that EPs contribute to infertility and therefore should be removed irrespective of their size or number. EP's interference with fertility does not appear to be associated with a space-occupying lesion mechanism. However, further studies are required to address this question.
In conclusion, TVS features high sensitivity, specificity and certain unique sonographic characteristics in diagnosing EPs. Due to the invasiveness and cost of hysteroscopy, TVS may be of interest for use as a preliminary diagnostic procedure to screen patients for hysteroscopy. Hysteroscopic polypectomy is an effective procedure for removing EPs. The mechanism by which EPs interfere with fertility potential remains unclear, hysteroscopic removal of EPs of any size appears to help improve the pregnancy outcome of infertile women
